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Abstract
Background: Assessment of nutritional status in children with cystic fibrosis (CF) is clinically relevant. Methods to measure
nutritional status should be reliable and non-invasive, and reference values should be available. Aim: To compare weight and
height measurements and measurements of specific body compartments in children with CF. Methods: In a cross-sectional survey
of 58 children with CF (28 females), we compared height and weight (expressed as: weight-for-height, body mass index (BMI),
height-for-age and weight-for-age) with fat mass (skinfold sum (SFS)), muscle mass (upper arm circumference (UAC)) and
bioelectrical impedance analysis (BIA). Results were expressed as Z-scores, using Dutch reference values. Results: BMI and
weight-for-height were within the normal range (mean Z-score (range): y0.13 (y1.5, 2.7) and y0.02 (y1.7, 2.8)). Weight and
height corrected for age were below normal (mean Z-score (range): y0.79 (y2.4, y0.05) and y1.2 (y2.8, 1.4) (P-0.01)).
Lean body mass by skinfold sum (LBM ), UAC and BIA were also significantly below reference values (mean Z-score (range):sfs
y0.9 (y2.2, 1.8), y0.95 (y2.4, 1.8) and y1.1 (y3.6, 1.0) (P-0.01)). Lean body mass (LBM) by BIA correlated with
LBM . BIA systematically underestimated LBM in both CF patients and in control subjects. Conclusion: Nutritional status ofsfs
children with CF must be evaluated, using age-corrected weight and height expressed in Z-score. LBM estimated by SFS, UAC
and by BIA appear to be useful, although longitudinal studies in CF children should be performed to evaluate their clinical
significance in detecting changes in nutritional status.
 2002 European Cystic Fibrosis Society. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction
In cystic fibrosis (CF), survival is determined both
by progressive pulmonary disease as well as by nutri-
tional status. Pulmonary disease increases resting energy
Abbreviations: CF, cystic fibrosis; REE, resting energy expendi-
ture; LBM , lean body mass by skinfold sum; LBM , lean bodysfs bia
mass by bioelectrical impedance analysis; FEV , forced expiratory1
volume in 1 s; FVC, forced vital capacity; BIA, bioelectrical impe-
dance analysis; SFS, skinfold sum; UAC, upper arm circumference;
BMI, body mass index; RI, resistance index; CI, confidence interval;
S.D., standard deviation
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expenditure and it reduces appetite. In addition, poor
nutritional status increases the risk for pulmonary infec-
tions. So apart from slowing down the deterioration of
pulmonary function, an optimal nutritional status should
be preserved in order to improve prognosis w1,2x.
Assessment of nutritional status has been the subject
of extensive studies in CF w3–5x. In clinical practice
nutritional status is derived from measurements of
weight and height and by comparing these data with
normal values for weight-for-height, height-for-age and
weight-for-age. These values may be unreliable for
assessment of nutritional status in CF. As an example, a
CF patient with severe muscle wasting and ascites can
have a weight-for-height within normal range, because
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the ascites compensates for the loss of muscle mass w3–
5x. Measurement of fat mass, lean body mass (LBM)
and muscle mass probably are more reliable estimates
of nutritional status w6x.
The present study was aimed at evaluating weight
and length measurements with measurements of specific
body compartments (LBM, fat mass, muscle mass) in
children with CF. In this study we will address two
questions: what body compartments are most affected
in CF and what is the relation between the estimates of
LBM derived from bioelectrical impedance analysis
(LBM ) and LBM derived from skinfold thicknessbia
measurements (LBM )?sfs
2. Patients and methods
In a cross-sectional study, nutritional status was eval-
uated in 58 children with CF (28 girls and 30 boys; age
range 4–18 years). Patients were randomly recruited
from the Cystic Fibrosis Center outpatient clinic of the
Sophia Children’s Hospital Rotterdam. Measurements
were performed in the outpatient clinic.
2.1. Clinical parameters
Disease severity was assessed by pulmonary function
and Shwachman score w7x. All patients were in a
clinically stable condition at the time of the measure-
ments. Pulmonary function was assessed within 3
months before the investigations in 41 of 58 patients.
Pulmonary function was expressed as forced expiratory
volume at 1 s (FEV ) and as forced vital capacity1
(FVC). Values were expressed as percentage of the
predicted value w8x. Shwachman scores were calculated
in 53 patients.
2.2. Assessment of nutritional status
Weight and height were determined, using standard
techniques w14x: height was measured, using a stadi-
ometer. The patient was measured without shoes and
socks and the top of the head was in contact with the
headboard of the stadiometer. The head was held in the
‘Frankfurt plane’, and slight pressure (corresponding to
;0.5 kg) was exerted on the headboard. Weight was
measured after the outer clothing and socks of the
patients were removed. An electronic scale with digital
reading was used, accurate to 10 g. As a measure of fat
mass, skinfold sum (SFS) was determined (skinfold
caliper: John Bull, British Indicators, UK) as described
by Lohman et al. w9x. Skinfold thickness of four areas
(triceps, biceps, subscapular, suprailiacal skinfolds)were
measured twice by the same investigator and their means
were added. Fat mass was calculated, according to
Weststrate and Deurenberg w10x. LBM was calculatedsfs
by subtracting fat mass from body weight. As a measure
of muscle mass and fat mass, upper arm circumference
(UAC) was determined on the non-dominant upper arm,
as described by Weststrate and Deurenberg w10x.
LBM was also determined by using bioelectricalbia
impedance analysis (BIA) (BIA 101yS, RJC Co.,
Detroit, MI) w13x. Total body impedance (R) was
assessed in triplicate with an interval of 5 min w11–13x.
On the basis of R, the resistance index (RI) was
calculated (RIs(height) yR). Weight and height were2
expressed as Z-scores for weight-for-height, body mass
index (BMIsweightyheight ), weight-for-age and2
height-for-age. UAC and LBM were expressed as Z-sfs
scores, using age-related normal values for Dutch chil-
dren w14x. LBM was calculated, using a computerbia
program, provided by the manufacturer (RJC Co.).
Separate programs for children (4–12 years), adoles-
cents (13–16 years) and adults (17 years and older)
were used. This program calculates LBM by entering
the BIA parameters (impedance and reactance), in
addition to age, sex, weight and height. These results
were compared with data from healthy Dutch control
subjects, using the following equations: for boys:
LBMs(age=3.2658)y1.5453 (S.D.s3.37); for girls:
LBMs(age=2.0572)q6.4751 (S.D.s4.02) w15x. On
the basis of these normal values (and their S.D.) Z-
scores of LBM could be calculated.bia
2.3. Statistical analysis
Baseline differences between boys and girls were
tested using the Student-t test (age) and using the
Wilcoxon signed ranksum test (% FEV , % FVC,1
Shwachman score). For the total group of 58 patients
mean Z-scores for weight-for-height, BMI, weight-for-
age, height-for-age, UAC and LBM "95% confidencebia
interval (CI) were calculated. Mean difference from Zs
0 was tested, using the Student-t test. Correlation
between Z-scores was tested using Pearson correlation
analysis. LBM and LBM were calculated for boyssfs bia
and girls separately and the results were compared with
values of a reference group of healthy Dutch children
w15x. Difference in LBM between boys and girls was
tested using the Wilcoxon signed ranksum test.
3. Results
Baseline characteristics are listed in Table 1. All
patients were pancreatic insufficient. Mean age and
pulmonary function were similar between boys and girls.
Shwachman scores were lower in girls compared with
boys (Ps0.04).
Mean Z-scores for BMI and for weight-for-height
were not different from Z-scores0. However, mean Z-
scores for height-for age, weight-for-age, SFS, UAC and
LBM were all significantly lower than Zs0. Mean Z-bia
scores"CI are shown in Fig. 1 and in Table 2. In Figs.





Age 10.0"4.3 (4–18) 10.4"4.0 (4–18) 0.2a
% FVC 96"19 (62–131) 92"20 (61–125) 0.6b
% FEV1 83"22 (56–122) 76"23 (23–113) 0.4b
Shwachman score 87"10 (55–100) 80"11 (55–95) 0.04b
Student-t test.a
Wilcoxon signed ranksum test.b
Fig. 1. Mean Z-scores of total group of patients with CF (ns58).
Mean Z-scores"CI. BMI, body mass index; W-H, weight-for-height;
H-A, height-for-age; W-A, weight-for-age; SFS, lean body mass by
skinfold sum; UAC, upper arm circumference and BIA, bioelectrical
impedance analysis.
Table 2
Mean Z-scores of children with CF (ns58)
Mean Z-score Range P-valuea
BMI y0.13 (1.1) y1.5, 2.7 n.s.
Weight-for-height y0.02 (1.1) y1.7, 2.8 n.s.
Height-for-age y1.2 (0.8) y2.8, 1.4 -0.01
Weight-for-age y0.79 (0.9) y2.4, y0.05 -0.01
LBMsfs y0.9 (0.9) y2.2, 1.8 -0.01
UAC y0.95 (0.8) y2.4, 1.8 -0.01
LBMbia y1.1 (1.0) y3.6, 1.0 -0.01
Values are expressed as mean Z-scores (S.D.) and range.
Student-t test: mean Z-scores0.a
Fig. 2. Weight-for-height percentiles of boys (ns30) and girls (ns28) with CF. Weight-for-height curves for boys (left graph) and for girls
(right graph). The middle line represents Zs0; the upper and lower line represent two times the S.D. Every single dot represents one patient.
2 and 3 weight and height of all patients are plotted in
reference graphs for weight-for-height and for height-
for-age, derived from data of healthy Dutch children
w14x.
Weight-for-height plots show that 10 out of 30 boys,
and 16 out of 28 girls are below Zs0 (Fig. 2). In the
height-for-age plots 27 out of 30 boys and 27 out of 28
girls are below Zs0 (Fig. 3).
BMI correlated significantly with LBM , UAC andsfs
LBM (rs0.55, 0.75 and 0.67: P-0.01). LBMbia bia
correlated significantly with LBM and with UAC (rssfs
0.67 and 0.69: P-0.01).
In boys with CF, LBM was 27.4"9.9bia
(mean"S.D.), which was significantly lower than
LBM of healthy Dutch boys: 32"13 kg (mean"S.D.:bia
Ps0.001) w15x. In girls with CF a comparable difference
is present: 23.5"8.6 kg vs. 27.2"8.8 kg (mean"S.D.)
Ps0.001). LBM was 32.0"1.1 kg in CF boys, andsfs
36.6"14.6 kg in healthy Dutch boys (P-0.001). In CF
girls: 30.3"12.0 kg vs. 33.6"13.1 kg (Ps0.004).
Although LBM and LBM are correlated, a constantbia sfs
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Fig. 3. Height-for-age percentiles of boys (ns30) and girls (ns28) with CF. Height-for-age curves for boys (left graph) and for girls (right
graph). The middle line represents Zs0; the upper and lower line represent two times the S.D. Every single dot represents one patient.
difference in favour of LBM is present in both CFsfs
patients and in healthy controls.
4. Discussion
In CF, nutritional status has a significant prognostic
influence on the outcome of the disease w1,2x. In the
present cross-sectional study we compared weight and
height measurements of children with CF with estimates
of specific body compartments: fat mass, LBM and
muscle mass. Our results indicate, that conventional
weight-for-height and BMI plots are well within normal
range (Z-scores0), despite significant decrease in LBM
in these children. These findings indicate that these
measures are unreliable for nutritional assessment in CF.
However, weight and height corrected for age show
significantly decreased Z-scores. In addition, Z-scores
for LBM , LBM and UAC are also significantlysfs bia
decreased. Our results are in agreement with earlier
studies, in which weight-for-age and height-for-age Z-
scores were reduced in CF w5,16,17x. Results of SFS
and UAC support the conclusion that children with CF
suffer both from fat- and muscle-mass depletion.
BIA analysis provides a simple and non-invasive but
indirect quantitative measure of LBM. Total body water
measurements using the deuterium dilution method
(D O) show that total body water is significantly cor-2
related with the RI of BIA in CF w11,12x. Our study
shows that Z-scores of LBM are significantly corre-bia
lated with LBM and with UAC. However, in absolutesfs
figures, LBM are constantly lower than LBM . Abia sfs
comparable difference is found in healthy Dutch chil-
dren, which confirms that this difference is probably
caused by a difference in methodology, rather than a
reflection of CF itself w12,13,18x.
In conclusion, Z-scores for weight-for-height and for
BMI are unreliable for the detection of malnutrition in
children with CF. In our outpatient clinic nutritional
status can be assessed by height-for-age and weight-for-
age. The guidelines for the confirmation of malnutrition
(a decrease in Z-score for weight-for-age of )0.5 in 3
months) can be used in this respect w6x. SFS and UAC
estimates of LBM can be used for CF patients to define
clinical malnutrition: a more than 1.0 point decrease in
Z-score in 3 months w6x. BIA is a reliable technique in
its ability to generate LBM estimates, which correlate
well with other measures of LBM. Longitudinal studies
in CF children should be performed, in order to evaluate
reproducibility of LBM estimates by BIA and its accu-
racy to detect changes in nutritional status w16,19x.
References
w1x Corey M, Mc Laughlin FJ, Williams M. A comparison of
survival, growth and pulmonary function in patients with cystic
fibrosis in Boston and Toronto. J. Clin. Epidemiol.
1988;41:563–88.
w2x Durie PR, Pencharz PB. Nutrition. In: Cystic fibrosis. Br Med
Bull 1992;48:823–47.
w3x Haeusler G, Frisch H, Waldhor H, Gotz M. Perspectives of
longitudinal growth in cystic fibrosis from birth to adult age.
Eur. J. Pediatr. 1994;153:158–63.
w4x Mahaney MC, McCoy K. Developmental delays and pulmo-
nary disease severity in cystic fibrosis. Hum. Biol.
1986;58:445–60.
w5x McNaughton SA, Shepherd RW, Greer RG, Cleghorn GJ,
Thomas BJ. Nutritional status of children with cystic fibrosis
measured by total body potassium as a marker of body cell
mass: lack of sensitivity of anthoropometric measures. J.
Pediatr. 2000;136:188–94.
w6x Ramsey BL, Farrell PM, Pencharz P. Nutritional assessment
and management in cystic fibrosis: a consensus report. Am. J.
Clin. Nutr. 1992;55:108–16.
280 M. Groeneweg et al. / Journal of Cystic Fibrosis 1 (2002) 276–280
w7x Shwachman H, Kulczycki LL. Long-term study of one hundred
five patients with cystic fibrosis. AMA J. Dis. Child
1958;96:6–15.
w8x Zapletal A, Samonik M, Paul T. Lung function in children and
adolescents. Methods, reference values. Basel: Karger, 1987.
w9x Lohman TG, Roche AF, Martorell R. Anthropometric standard-
ization reference manual. Champaign, IL: Human Kinetics
Books, 1988.
w10x Weststrate JA, Deurenberg P. Body composition in children:
proposal for a method for calculating body fat percentage from
total body density or skinfold-thickness measurements. Am. J.
Clin. Nutr. 1989;50:1104–15.
w11x Lukaski HC, Johnson PE, Bolonchuk WW, Lykken GI. Assess-
ment of fat-free mass using bioelectrical measurements of the
human body. Am. J. Clin. Nutr. 1985;41:810–7.
w12x Lands LC, Gordon C, Bar-Or O, et al. Comparison of three
techniques for body composition analysis in cystic fibrosis. J.
Appl. Physiol. 1993;75(1):162–6.
w13x Azcue M, Fried M, Pencharz PB. Use of bioelectrical impe-
dance analysis to measure total body water in patients with
cystic fibrosis. J. Pediatr. Gastroenterol. Nutr. 1993;16(4):440–
5.
w14x Gerver WJM, de Bruin R. Paediatric morphometrics. Utrecht,
The Netherlands: Scientific Publications Bunge, 1996.
w15x Boot AM, Bouquet J, de Ridder MAJ, Krenning EP,
de Muinck Keizerb-Schrama SMPF. Determinants of body
composition, measured by dual energy X-ray absorptiometry
in Dutch children and adolescents. Am. J. Clin. Nutr.
1997;6:232–8.
w16x Stettler N, Kawchak DA, Boyle LL, et al. Prospective evalua-
tion of growth, nutritional status, and body composition in
children with cystic fibrosis. Am. J. Clin. Nutr. 2000;72:407–
13.
w17x Nir M, Lanng S, Krogh Johansen H, Koch C. Long term
survival and nutritional data in patients with cystic fibrosis
treated in a Danish centre. Thorax 1996;51:1023–7.
w18x Borowitz D, Conboy K. Are bioelectrical impedance measure-
ments valid in patients with cystic fibrosis? J. Pediatr. Gastroen-
terol. Nutr. 1994;18:453–6.
w19x DeMeer K, Gulmans VA, Westerterp KR, Houwen RH, Berger
R. Skinfold measurements in children with cystic fibrosis:
monitoring fat-free mass and excercise effects. Eur. J. Pediatr.
1999;158:800–6.
